For many years embryologists have differed in regard to the relation of the primitive streak to the embryo of the chick.
In 1866 DuRsy (10) in his monograph entitled ~Der Primitivstreif des Htihnehens,~ claimed that the embryo forms in front of the primitive streak, that the latter is only a temporary structure marking the direction in which th.e axis of the embryo lies.
HIS (19) , C~OETTE (18) and WALDEYER (39) maintain that the greater part of the embryo forms directly from the primitive streak.
The experiments made by ASSHETON (l) in 1896 throw some light on this question. From these experiments, which will be described later, he concludes that all those parts in front of the first pair of somites are developed from that portion of the unineubated blastodel~n which lies anterior to the center of the blastoderm, and that all of the remaining portions are formed from the activity of the Primitive streak.
The experiments described in the following pages were begun in January 1896 and were continued, at intervals, during the two following" winters. The study was directed by Professor T. H. MORGAN~ to whom I am indebted for advice and assistance.
Method.
Various methods were tried before satisfactory results were obtained. It may be well to mention some of these methods.
Fresh eggs were placed in the incubator for eighteen or twenty horn's. An opening was then made in the shell just above the blastoderm~ and a small quantity of the albumen removed by means of a pipette. At this time the primitive streak extends from the posterior edge forward over one-half or nearly two-thirds of the area pellucida.
A fine needle was heated and inserted~ while red-hot, in the blastoderm at the point where it was desired that the cells should be killed, either at the anterior end of the primitive streak or in front of it.
In another series of experiments different regions were killed with a cold needle, and in still another a cut was made with a flattened needle the edges of which had been sharpened.
After the operation some of the albumen was drawn over the blastoderm to prevent it from drying'. The opening in the shell was sealed by a modification of GE•LACR'S (17) window method. A ring of absorbent cotton, moistened with distilled water, was placed around the edge of the opening, and on this ring a cover glass was laid so that the development could be watched without opening the egg'. This method of sealing the eggs was not successful, probably because they were kept too moist. In all the experiments it is important that the chamber of the incubator, in which the eg'g's are placed, should contain only a slight amount of moisture. Large numbers of eggs were lost by a failure to observe this precaution.
Pieces of fine linen, rice paper, and surgeon's plaster were tried, but the eggs as a rule were exceedingly abnormal and soon disinteg'rated. In many cases the yolk dried and adhered to the edges of the opening. Finally, in endeavoring to make .the conditions normal, a more satisfactory method was found. A small piece of shell with the membrane still attached to it was placed over the opening. This piece should not be much larger than the opening" in the shell, because the double layer around the edge prevents the entrance of air. Over the edge of the cover strips of moist membrane were laid. In a few minutes this membrane dries and the egg is securely sealed.
In later experiments~ made during the spring" of 1898, sable hairs were substituted for the hot or cold needle, and the result proved more satisfactory, as the opening made by tb.e hair is not so large. Another advantage presented by the hairs is that they can be left in the blastoderm and therefore the injured region can be easily detected in the later stages of development.
Another very convenient method of killing a region is that of placing small wedges of thin celluloid in the blastoderm. These wedg6s are 1 mm in width and are pointed at one end in order to penetrate the blastoderm without tearing it.
It is important in all these experiments to have the instruments cl6an, and the hairs and wedges sterilized. In spite of great care the development is retarded, and not more than twenty per cent. of the embryos are normal.
The eggs were killed for both surface preparations and sections in a 10% solution of nitric acid, and stained in borax carmine or haemotoxylin. The latter is much better for surface preparations.
The Effect of Injuring the Anterior End of the Primitive Streak.
ASSI:IETON has found that when a hair is inserted in the center of the unincubated blastoderm it will appear, after twenty-four hours, in the anterior end of the primitive streak just behind the medullary plate and groove. If, however, the embryo is left for forty hours the injury appears at the level of the most anterior pair of somites in a position more anterior than in the embryo of twenty-four hours.
My first experiments consisted in injuring the anterior end of the primitive streak. A hot needle was inserted at the point x textfigure 2, and quickly withdrawn. The eggs were sealed and returned to the incubator for twenty-four to forty-eight hours.
~ore than one hundred eggs were operated upon in this way, and out of this number from fifteen to twenty gave definite results. In some the injured region healed, but in at least fifty per cent, the development was completely stopped. At the end of twenty-four to forty-eight hours the opening made by the needle is greatly enlarged, the primitive streak is visible posterior to it, and the edges of the opening are thickened i but no trace of the later embryo is present.
From seven of the eggs in which the cells of the anterior end of the primitive streak were killed with a hot needle spina bifida embryos resulted. incubated twenty-four hours after the operation. The medullary folds and the heart lie on each side of the opening, from six to eight somites are present, and the primitive streak is represented by a short, much contracted thickening posterior to the point where the embryo divides. Sections of this embryo show a perfect halving of all of the organs with the exception of the notoehord which lies on one side of the opening and not on the other.
Spina bifida chicks were seen by RICHTER (37) in 1888, but they occurred in much older embryos. Having found one in a chick of ten days he attempted to produce them artificially. Different methods were tried, such as shaking the eggs, varnishing the shell and varying the temperature. With the last method his best results were obtained, but in all cases the embryos were much older than those which I have described.
In 1890 KOLL]KA~ (24) produced the same result by overheat: ing the eggs of the duck. By this method of experiment embryos of twelve to twenty pairs of somites were split along the median line, the heart and medullary folds lying on each side of the opening.
In a second series of experiments a sable hair was inserted in the anterior end of the primitive streak. The injury made by the hair is not so great as that made by the hot needle, and in consequence a larger percentage of the eggs developed. This is true also when the celluloid wedges are used.
Twenty-four to forty-eight hours after it is inserted in the am terior end of the primitive streak the hair is found in the median line, between the mesoblastie somites. At this time (Fig'. 2) from six to eight somites are present, and the opening which marks the position of the hair lies between them. The notochord is visible, lying anterior to the injury, and continuing around one side of the opening', apparently uniting with the anterior end of the primitive streak. If the notoehord forms from the cells which grow forward from the anterior end of the primitive s~'eak then it is evident that all of the material of this region has not been killed by the insertion of the hair, for after this experiment the notoehord is present in all of the embryos which I have sectioned.
In one or two eggs an interesting result was obtained which bears upon the question of the relation of the primitive streak to the embryo. The anterior end of the primitive streak was injured, as ~deseribed above, by the insertion of a hair, but instead of the development proceeding as in Figure 2 , only the anterior region continued to grow (Fig. 3) , while the structures back of the heart failed to develop. Figure 3 is an embryo seen from the ventral side thirty-five hours after this operation.
The medullary folds although abnormal are present and the heart and vetelline veins are Prominent, lying just anterior to the injury, while back of it no further development has taken place. The primitive streak is faintly visible, the area vasculosa well developed. Neither mesoblastic somites nor notochord are visible, the latter, however, is present~ as sections in the anterior region show. The area vasculosa is decidedly oval, but the long axis lies at right angles to the long axis of the embryo. In other words the embryonic area is considerably broader and shorter than in the normal embryo.
The Effect of Injuring the Region in frontof the Primitive Streak,
A remarkable negative result was obtained when the region immediately in front of the primitive streak (point x in text-figure 2) was injured. The majority of the embryos failed to show any further development. The experiment was repeated again and again with the same result. It is evident that this region just in front of the primitive streak is closely connected with the formation and growth of the embryo. If a small space is left between the point where the hair is inserted and the anterior end of the primitive streak (text- figure 3 ) no such disturbance of the development occurs. The injury appears later in the medullary folds in front of the mesoblastie somites.
In a series of experiments where wedges were used instead of hairs the results were practically the same. The wedge was inSerted at the point x, text-figure 3, after which the egg was incubated for twenty-four hours. The posterior half of the chick is normal (Figure 4 ), but the region lying in front of the most anterior somite is much shorter than other embryos of the same age. The medullary folds are abnormal.
In a number of eggs a sable hair was inserted in the area pellucida at some distance from the anterior end of the primitive streak, quite near the anterior edge of the area pellucida. After thirty or forty hours the hair is found in the region of the head /old, or in the most anterior limit of the brain.
ASSHETO~ has obtained practically the same result although he inserted a hair in the blastoderm slightly in front of the center of the area pellucida before the appearance of the primitive streak. After a number of hours the hair appeared in the medullary folds. He found it difficult to determine the anterior limit of the embryo in the unincubated blastoderm. This may be due, he thinks, to the folding which takes place in this region. A hair inserted in the anterior border of the area pellueida is found far in front of the primitive streak. He says: ,,If the hair is placed some little way anterior to the center of the unineubatcd blastoderm it is apparently in front of the embryo, but it interferes so greatly with the head fold that it is impossible to tell if it has perforated the anterior part of the embryo.,,
The Region of Greatest Growth.
It has been shown that when the region immediately in front of the primitive streak is injured the formation of the normal embryo is prevented, but if the cells in the anterior end of the primitive streak are killed the injury appears later in the region of the anterior somites, and the primitive streak lies considerably back of the injury, while the notoehord occupies the position of the primitive streak at the time of the operation. The notoehord also extends in front of the injury. There is a marked elongation of the embryo in a posterior direction. On the other hand when the hair is inserted a short distance in front of the primitive streak it appears later in the medullary folds in the region of the fore-brain. There is, therefore, a region of growth in front of the point which marks the anterior end of the primitive streak of the eighteenth hour. That this region is one of active change and growth is shown also by the fact that when it is injured there seems to be a cessation of development. So large a number of eggs have been injured in this way with practically the same result that it seems safe to make this statement. The eggs were incubated after the operation for as long a period as forty-eight hours without developing. In some there was a thickening of different regions, but they were so abnormal that no structures could be made out.
It is almost impossible to determine the exact distance between the anterior end of the primitive streak and the point of injury at the time of the operation, for in many eggs the outline of the primitive streak is scarcely visible. Allowing for this, however, it is certain that this region in front of and across the anterior end of the primitive streak is the area of greatest activity in the formation of the embryo.
The Elongation of the Embryo.
In 1817 PANDER (31) described the growth of the area pellucida as a lengthening at both ends until a dumb-bell shaped area was formed. This, he said, takes place about the eighth hour.
According to vo~ BAER (2) , in 1837, the growth begins behind the future head, and spreads rapidly in a posterior direction, more somites appearing behind the first pair than in front of it.
DuRsu after an extended study of the primitive streak, says that at the time when the area pellneida is round the primitive streak extends from a point just anterior to the middle, to, or near, the posterior edge of the area pellucida. As the embryo elongates the distance between the posterior end of the primitive streak and the posterior edge of the area pellucida remains relatively the same. Although the distance between the anterior end of the primitive streak and the anterior edge of the area pellucida is greater it frequently decreases. In a few eggs he saw the anterior end of the primitive streak close to the anterior edge of the area pellucida, but the relatively equal space-relation maintained during the growth of the embryo, between the two ends of the primitive streak and the edges of the area pellueida is characteristic.
Wlien the primitive streak is formed the area pellueida becomes oval and then pyriform. This rests, he thinks, upon a difference in the direction of growth. The area at the anterior end grows in breadth, the posterior half in length. The primitive groove when it appears divides the primitive streak into two longitudinal ridges, but the relation to the elongation of the embryo remains unchanged. The anterior end of the primitive streak increases in thickness and the chord apparently grows out from it' soon becoming as long as the primitive streak which now begins to shorten, that is,-the anterior end is pushed further and further back until on the second or third day the primitive streak is represented by a short smooth thickening and is lost in the closing of the posterior end of the medullary folds. Its position, then, is posterior to the embryo, and the point which marked the anterior end of the early primitive streak lies somewhere in the neck region of the late embryo. The posterior end with the primitive streak becomes the >>punctum fixum,< from which the trunk region spreads forward.
HIS (19) explains the change of form of the embryo in the following way. The blastoderm is represented by an elastic plate the tension of which is unequal. The growth is faster in the center than at the periphery resulting from an increase in the number and size of the cells. The maximum of intensity is in the center and it falls off in all directions but unequally. The falling' off of intensity ot growth is symmetrical, at the sides, but asymmetrical anteriorly and posteriorly. Therefore two axes may be dr~wn through the area pellucida, one lying in the axis of the primitive streak and running through it, the other transversely in front of the primitive streak dividing the area pellueida into anterior and posterior halves in which the growth is uneqnal. The primitive streak as it elongates moves forward over the line of the transverse axis while the posterior end is lost in the area opaea.
BALFOUR and DEIGI-ITON (7) claim to have made careful measurements of the distance from the anterior end of the primitive streak to the anterior edge of the area pellueida. They found that up to the time of the appearance of the medullary plate there is a decrease in the space in front of the primitive streak. The mesoderm grows out further laterally than in front, indicating that the anterior end is the last to form.
Having opened several hundred eggs at the time of the formation and growth of the primitive streak I have noticed a great variation in the distance from the anterior end of the primitive streak to the edge of the area pellucida. In some eggs the primitive streak, extends anteriorly almost up to the area opaca, in others it lies behind the middle line of the area pellucida. Unless measurements were made on the same egg at different intervals they would hardly prove that there is an increase or decrease in the distance.
Assuming that the growth and elongation takes place along the line of the primitive streak, I made a series of experiments to determine to what extent the primitive streak is involved.
A hair was inserted on each side of the primitive streak at the points indicated by the dots in text-figure 4. Forty-eight hours after the operation the embryo had increased in length, somites and medullary folds were formed and the hairs were found in the openings represented in Figure 5 on each side just anterior to the somites. This experiment was made on sixteen eggs and in every case where there was any further development a backward growth in the region between the hairs was observed.
An examination of the figures in the plate will show the way in which the embryo elongates. This is especially marked in Figure 2 and Figure 5 . In Figure 2 the hair was inserted in the anterior end of the primitive streak, and in Figure 5 the hairs were placed on each side of the primitive streak near its middle point. In both of these there is a distinct backward elongation along the line of the primitive streak.
In 1885 BALFOUR (6) speaks of the growth of the embryo as follows: ~,With the growth of the embryo the primitive streak is continually carried back, the lengthening of the embryo always taking place between the front end of the primitive streak and the last somite; and during this process the primitive streak undergoes important changes both in itself and in its relation to the embryo. << Every experiment which I have made points to the fact that there is a growth of the embryo in a posterior direction as BALFOUR claims, but the elongation seems to take place along the whole region of the somites as Figure 5 shows. 
The Origin of the Head Process and the Distribution of the Material of the Primitive Streak.
It has been claimed by some embryologists that the head process arises as an anterior prolongation of the primitive streak, and may therefore be considered mesodermal in origin. GERLACK on the other hand says that the head process is in no way mesodermal~ but arises through a thickening of the endoderm in the median line.
The head process appears so soon after the primitive streak is formed that it is difficult to determine its origin experimentally. In a large number of eggs the anterior end of the primitive streak was injured and after six or eight hours the embryos were killed in order to ascertain whether or not the head process was formed. No sign of any further development was detected. The blastoderm appeared in every respect as it did at the time of the operation.
Another series of experiments was made on younger embryos. A wedge was inserted in the anterior end of the primitive streak before it had attained its full length. In these the area pellucida assumed its oval form and the primitive streak elongated leaving the injury near the anterior edge of the area opaca, but the head process was not visible in surface view. Sections were made of one of these embryos, but no distinct head process was seen.
The iexperiments in which the primitive streak remained uninjured and the hairs were inserted at each side of it indicate that as the primitive streak moves back the cells which form the .head process are left in the median line, having been proliferated from the anterior end of the primitive streak.
In regard to the material of the primitive streak, it is generally claimed that it is converted into the trunk of the embryo. BALFOUR has compiled tables of the relative lengths of the primitive streak and the body of the embryo. These tables show that an actual decrease in the length of the primitive streak takes place just at the time when the somites begin to form. He says there is no ground for believing that the primitive streak becomes at this time converted into the medullary plate. The shortening of the primitive streak is, however, not sufficient to account for the increased length of the embryo. BALFOUR contradicts his earlier statement in regard to the elongation of the embry o saying that the increase in length takes place by additions at the hind end. He considers that the later decrease in the length of the primitive streak mainly concerns the posterior part of it.
The following experiments were made in order to determine how much of the embryo would form if the connection with the primitive streak was completely cut off.
In a number of eggs a transverse cut was made immediately in front of the primitive streak (text- figure 5) . The embryo after twenty-four hours appeared as shown in Figure 7 . The opening made by the cut increases greatly in size, the anterior edge which would correspond to the region in fl'ont of the primitive streak shows no development. In the posterior half the medullary folds have formed and the embryo is in many respects normal, but much reduced in Fig. 5 . Fig. 6 . Fig. 7 . length. A comparison of Figure 4 with Figure 7 , which is drawn on the same scale, shows the difference in the length of the two embryos. Another series of experiments was made in which a wedge was placed transversely in the primitive streak (text- figure 6 ) leaving a small portion in front of the wedge. After a number of hours of incubation the eggs were killed. As a rule the opening" made by the wedge becomes much larger and there is no further development. In one or two eggs the medullary folds and head fold formed anterior to the wedge, but no development took place back of it.
If a wedge is placed further back near the posterior end of the primitive streak as shown in text-figure 7, the development is rarely disturbed. Fig. 8 is a camera drawing of one of these embryos fortyeight hours after the operation. The opening at the posterior end represents the injury made by the wedge. The structures of the embryo are present and the chick appears comparatively normal. There is no thickening at the posterior end ds in normal chicks, the material of the primitive streak seems to have been used in the formation of the embryo.
The Relation of the cells on each side of the Primitive Streak to the later Embryo.
In order to determine whether or not the cells on each side of the primitive streak are directly concerned in the formation of the embryo, hairs were placed in the area pellucida, on each side of Fig. 8 . Fig. 9 . the primitive streak, at equal distances from the median line (text- figure 8 ). If these cells are carried into the embryo it is probable that the hairs would move in towards the median line.
There was no pereeptable change in the position of the hairs after twenty-four hours incubation; the embryo appeared in the normal position while the hairs remained on each side of it.
Another series of experiments gave a more definite result, although only three egg's continued to develop after the operation. In order to cut off the primitive streak from the area pellucida on each side of it the wedges must be 1--2 mm wide. These wedges are placed longitudinally, that is, parallel to the primitive streak as text- figure 9 shows. The weight of the wedges is so great and the opening" made by them is so large that the area pellueida spreads apart, and as a general rule the embryo fails to develop. In every experiment where the wedges were placed close to the anterior end of the primitive streak the formation of the embryo was prevented. Fig'. 9 shows an embryo" of twenty-four hours. At the time of the formation of the primitive streak two wedges were placed as seen in text-figure 9 parallel to the primitive streak at its middle region. Practically the same result is obtained here as was obtained when hairs were placed on each side of the primitive streak in Figure 5 . Th eembryo grows back between the wedges and they are found in the region of the somites near the anterior end although no somites have formed. Figure 6 represents an embryo forty-eight hours after the wedges were inserted, near the posterior border of the area pellucida as in text- figure 10 . The embryo has elongated, and appears normal.
When the wedges were placed an each side of the anterior end Of the primitive streak (text-figure 11) the development was greatly disturbed. Forty-eight hours after the operation the wedges were found in the region of the heart and medullary folds. In removing the blastoderm from the yolk the anterior end was torn, but Figure 10 shows the great elongation of one of these embryos. The notoehord is the only definite structure visible in the area pellueida extending along its whole "length. The mesoblastie somites and medullary folds are not visible in the trunk region. Along the area pellucida on each side of the notochord a thickened area is seen. Sections of this embryo (Figures 11--13) show a well developed notochord, but no sign of the primitive streak can be found even in the posterior end. Fig. 12 is a transverse section through the anterior end of the embryo represented in Figure 10 .
There is a rod of ectoderm above the notochord which traced more anteriorly proves to be the neural tube. No somites are visible in the sections although quite a number of mesoblast cells lie on each side of the notoehord. From this experiment it seems probable that at the time when the primitive streak begins to move back the cells lying at the sides of the anterior end are transferred to the median line by a growing in from the sides, and that later this material becomes a part of the trunk of the embryo. In this way the primitive streak and the region lying on each side of it are both indirectly connected with the formation of the embryo.
Historical Review.
The earlier embryologists who studied the development of the chick did not look upon the primitive streak as a definite structure. MALl, ram (28) in 1687 described the first appearance of the embryo as a keel-shaped formation which later developed into the nervous system.
WOLFF (41) in 1759 distinguished the transparent area pellucida from the more opaque zone surrounding it; in the former the embryo appears after a short period of incubatiou.
PANDER (1817) als0 overlooked the primitive streak. He described the embryo appearing first as two longitudinal folds in the area pellucida, which he called the primitive folds. After these folds are formed a fine line is seen between them, which is covered later by the dosing of the folds.
In 1828 yon BAER discovered the primitive streak, for he was the first to distinguish it fl'om the primitive folds which had hitherto been considered the anlage of the embryo, vox BAER looks upon the primitive streak as a definite structure, appearing before the primitive folds, lasting', however, only a short time, Soon after its origin it separates into two lateral halves, and at the same time the medullary plate and the chorda dorsalis appear.
In 1838 yon BAER, after a more extended study of the chick, traced the embryo to an earlier origin than the primitive streak, the embryonic shield. The blastoderm before the formation of the embryo is composed of an animal and a vegetative layer which remain closely attached to one another along the line of the primitive streak. The line between the primitive folds which PA~DE~ mentioned vo~ BAER considers the ehorda.
ERDL (13) in 1845 found a disc-shaped thickening connected with the anterior end of the primitive groove by a short neck. This thickening he looked upon as the forerunner of the brain. This observations were correct, but the interpretation was at fault. DURSY says that if ERDL had known that this thickening" represented the chorda, and that it was not in the primitive groove bat in front of it, :his later interpretations would have been correct. RE~AK (36) in 1855, called the primitive streak the >>Achsen-platte~,, and described it as a thickening and growth of both of the germ layers, chiefly the lower one. He says the >>Aehsenplatte,, does not lie at first in the middle of the ~>Fruchthof,, or area pellueida; the posterior end is far nearer to the edge than the anterior end, that later it assumes a median position with regard to the anterior and posterior edges of the area pellucida. The lengthening takes place from the anterior end in a posterior direction, at the same time the posterior region spreads back until the whole area becomes pyriform. At the time that the primitive groove appears the primitive streak is Composed of the two lower layers firmly united. The chorda forms" later in the floor of the groove.
In 1866 E~[IL DURSY made an extended investigation of the primitive streak. He contradicts the statements of some of the earlier embryologists. The primitive streak he found present before the groove appeared and in this way accounts for the fact that it had been overlooked. As a rule the primitive streak extends from a point slightly in front of the middle Of the area pellucida to the posterior edge. Toward the head end the primitive streak is thicker and its edges are more marked than at the posterior end where it gradually disappears. Later the thicker anterior end becomes surrounded by a disc the cells of which spread out on all sides.
He considers the primitive streak a thickening and growth of the axial region of both germ layers. The chorda dorsalis extends forward from the anterior end of the primitive streak, and on each side of the region where the chorda and primitive streak unite the mesoblastic somites arise.: He maintains that the somites never develop in the primitive streak nor even near it, but with the rest of the embryo in the region anterior to it.
The embryonic shield is the first anlage of the embryo and the primitive streak arising" in it marks the direction in which the body of the embryo lies, and it contains a store of material out of which the later axial structures of the embryo are formed.
The anterior end of the primitive streak rapidly increases in mass and surrounds itself with material which soon lengthens and draws together laterally to form the notochord. The notochord elongates anteriorly becoming as long as the primitive streak which is pushed back and in this position represents the posterior end of the embryo. The trunk region at this time is very small, and is confined to the area in which the three first somites lie. This trunk region grows in length and separates the anterior and posterior ends of the embryo. Whether the .primitive streak disappears entirely DURSY does not determine. He has seen it present as late as the third day.
WALDEYER (] 869) does not agree altogethe r with DuRsY's statements with regard to the primitive streak. He maintains that the head end arises in front, but the trunk region is formed by a differentation of the material of the primitive streak. The anterior end of the line of cells lying in the floor of the primitive groove becomes the notoehord.
GOETTE (18) in 1873 also maintained that a part of the embryo forms in front of the primitive streak, but was unable to determine how much of it arose in this way. The primitive streak advances to form the head process, and this is converted later into the chord.
In 1873 BALFOUR (4) described the backward movement of the primitive streak, and believed it to be due to the growth of the medullary plate and groove. After the formation of the notochord the mesoblastie somites appear. Each new somite arises just in front of the anterior end of the primitive groove which occupies the position filled later by about the third pair of protovertebrae. As the protovertebrae are successively formed and the body of the embryo grows in length the primitive groove is carried further and further hack until it occupies a position posterior to the embryo.
In 1876 I~AUBER (33) described the primitive groove as a structure of great significance in the development of the embryo. He says: ~Die Primitivrinne, Medullarrinne, Riickenfurehe etc. ist niehts Anderes, als die Fortsetznng der Entoderminvagination auf den embryonalen RUeken und beginnt desshalb randw~irts. Die Primitivrinne ist, wiewohl transitoriseh, das wiehtigste Gebilde der ersten Embryonalanlage. ~ His (IS77) agrees with WAL•EYER in believing that the trunk region of the embryo arises through a differentiation of the primitive streak. In regard to the germ layers he found that along the axis of the embryo the middle and upper layers unite to form the primitive streak.
In 1877 GASSER (14) described the formation o~ the primitive streak as a growing together of ectoderm, mesoderm, and endoderm.
From the sides and anterior end of the primitive streak the mesoderm grows out.
The embryo develops in front of the primitive streak and grows at the cost of the increasing area pellucida, and extends in a posterior direction at the time that the mesoblastie somites form. There is an antero-posterior differentiation, and as the embryo lengthens the . primitive streak decreases in length. The thickened anterior end retreate to the place where the converging medullary folds mark the posterior end of the body. DlSSE (9) in 1878 thought the primitive streak due to a concentration of the lower layer cells in the median line. A shoving in of the cells from the periphery to the center causes this concentration. The primitive groove he found in the upper layer. This upper layer becomes the epiblast, and the under layer separates itself into the many layered mesoblast and the one-layered hypoblast. He saw a secondary growing together of the upper and middle layers in the region of the primitive streak.
In the same year DUVAL (11) studied the primitive streak with much care. He found great variation in the rate of development of the embryo, and concluded that this was one reason why earlier embryologists had confused the primitive and medullary grooves.
DUVAL'S conception of the formation of the primitive streak is quite different from that of the earlier embryologists. During the development of the egg the blastoderm advances over the yolk, except at one point which is fixed. The edges of the blastoderm come together and fuse, and this line of fusion forms the primitive streak.
The region anterior to the primitive streak he called the ,,zone tergale,, he says: ,,Entre la t~te de la ligne primitive et le croissant ant6rieur se trouve une r6gion de la tache embryonaire qui ne pr6scnte rich de partieulier; comme eependant nous verrons bient6t que c'est duns cette zone, et en elle seulement, que se forme le dos de l'embryon. ~, He saw a distinct change in the position of the primitive streak; as the body of the embryo formed the primitive groove assumed a posterior position. He found it difficult to determine its later posterior limit.
K(~LLIKER (1879) in his ~Entwickelungsgeschichte des Mensehen und der hSheren Thiere~ (25) described the primitive streak as the first anlage of the embryo out of which the central nervous system, the chorda dorsalis and the somites are formed. The head process, he looked upon as a forward outgrowth from the primitive streak, and the representative of the head. The position of the primitive streak after the development of the medullary folds is behind the first somite.
In regard to the formation of the embryo he says: ~Doch will es mir ftir einmal unmSglich erscheinen, in letzterer Beziehung eine ganz bestimmte Entscheidung zu geben, so wichtig es auch w~re, wenn sich nachweisen lieBe, dass yore Leibe des Vogels in 'erster Linie nur der Rumpf sich anlegt, aus welehem dann in zweiter Linie der Kopf hervorsprosst.~< At least a considerable part of the head forms from the primitive streak but only secondarily. In the body or trunk region he undoubtedly believes that the primitive streak is consumed. He did not determine whether or not the first pair of somites correspond to the first vertebrae of the neck. If the primitive streak forms the trunk this would probably be the case.
If the primitive streak forms the embryo then as DcnsY claimed there should be a marked decrease in its length. If, on the other hand, it forms only the median structures then material must collect around it which afterwards forms the somites.
In 1881 GERLACtt (16) studied the chick embryo in order to determine the origin of the notochord. The primitive streak he claimed to be formed by a proliferation of the ectoblast toward the hypoblast. As the primitive streak elongates the primitive groove appears. The head process forms at the anterior end of the primitive streak, but is in no way a mesodermic formation, on the contrary he describes it as arising through a thickening of the hypoblast. This head process is later concerned in the formation of the notochord. GERLACtt does not consider the elongation and growth of the embryo.
KUPFFER (26) in 1882 compared the development of the embryos of birds and reptiles. I-Ie found them similar in the relation of the primitive streak to the embryo. The first vertebra arises in the region of the head process.
KOLLER in the same year in a discussion on the formation of the germ layers in the chick described the primitive streak as originating in a thickening and growth of the epiblast, advancing from the posterior end of the area pellucida. This he considered could take place in one of two ways : either by a progression forward of the region of the epiblast as it budded off the mesoblast, or by an interstitial growth of the body of the embryo.
LIEBERKI~ItN (27) in 1882 found that in mammals, certainly in the guinea-pig the head process increases in length at the expense of the primitive streak and that in this way the shortening and final disappearance of the primitive streak is effeeted. At this time BALFOUR and DEmrrroN made their investigations on the blastoderm of the chick. They interpreted the primitive streak as a proliferation from the epiblast. At its anterior end they described an axial prol6ngation of mesoblast. Close to the anterior end of the primitive streak they found it difficult to determine which of the mesoblast cells are derived directly from the hypoblast in front of the primitive streak, and which from its forward growth. They considered the main part of the mesoblast of the trunk to be derived directly from the primitive streak. The mesoblast which gives rise to the head and trunk they found originated in the region on each side and in front of the primitive streak.
We have seen that GOETTE, KOLLIKER, HIS and WALDEYER considered the primitive streak to be actively engaged in the formation of the embryo. DuRsY and BALFOUR gave it a r61e of less importance, the former regarding it as taking no part whatever in the late embryo, while the latter represents it as forming the tail-swelling. Professor WHITMAN (40) in 1883 described an embryo in which he found the primitive groove extending' to the marginal notch of the blastoderm. The primitive groove represented a part of the blastopore. He says: ~All the questions that cluster about the primitive streak are only so many special sides of a more general question, namely: how is the embryo formed'? On the decision of this question hangs that of all the rest.,, As a believer in the concrescence theory Professor WHITMAN opposed BALFOUR'S interpretation of the formation of the embryo by differentiation.
VAN BEI'CEDEN (S) looked upon the primitive groove of mammals .as the homologue of the blastopore.
RICHARD ASSHETON (l) in 1896 is the only embryologist, as far as I am able to ascertain, who has taken up the examination of the growth of the blastoderm of the chick from the side of experiment. This object was twofold; first, to test by experiment DUVAL'S theory of the formation of the primitive streak; and secondly to discover whether the whole or only part of the embryo is developed directly by the activity of the primitive streak: ASSI~ETON'S method was that of inserting a sable hair in the blastoderm and allowing the embryo to develop. The eggs were removed from the shell and placed in a glass dish where the later development took place.
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If DUVAL'S theory is correct, a hair inserted in the area opaca in the middle line just outside of the area pellucida, should appear at the time of the formation of the primitive streak somewhere in front of the latter. This experiment was tried and after a number of hours the hair appeared in the area opaca in relatively the same position.
A number of experiments of the same nature show that the primitive streak is not formed fl'om the posterior edges of the blastoderm as DUVAL maintained.
ASSttETON als0 found that if a hair inserted in the centre of an unincubated blastoderm it is found later in the anterior end of the primitive streak. If it is inserted in the median line at any point between the centre and the posterior border of the area pellncida it appears in a corresponding point in the primitive streak.
From these experiments ASSHETON concludes that the primitive streak is developed from that portion of the unincnbated blastoderm which lies between the centre of the blastoderm and the posterior margin of the area pellucida; that the area opaca takes no part in its formation.
To determine the part played by the primitive streak in the development of the embryo he inserted a hair in the middle of the area pellucida. According to the earlier experiments this hair would appear in the anterior end of the primitive streak. The embryo was allowed twenty-four hours incubation. At the end of this time the hair was found just posterior to the medullary plate. When the embryo, upon which an experiment of this kind had been made, was killed forty hours after the operation the somites were visible, and the hair was found at the level of the most anterior somite. He concludes that ~all those parts in front of the first pair of mesoblastie somites (heart, brain, etc.) are developed fl'om that portion of the unincubated blastoderm which lies anterior to the centre of the blastoderm and all the rest of the embryo~ i. e. posterior to, and including the first pair of somites forms by the activity of the primitive streak,,.
In 1897 MITROPHA~OW (29) studied the formation of the primitive groove in birds. He finds that in the ostrich the anterior end of the primitive streak appears first and afterwards the posterior end develops, sometimes continuing back to a point very near to the posterior edge of the area pellucida, sometimes reaching it. He endeavored to 'delay the development of the posterior half of the blastoderm by varnishing the region of the shell which lay above it, and by this means preventing the passage of air through the shell. Ten to twelve hours after the experiment the anterior end of the primitive streak was present, the posterior quite invisible. This, he says, proves that the primitive streak forms independently from the sickle-shaped thickening which is seen in the early development lying at the posterior border of the area pellucida.
Summary.
1. When the anterior end of the primitive streak is injured the point of injury appears at the end of thirty hours between the mesoblastic somites posterior to the heart and vitelline veins. In several eggs when the injury was made with a hot needle spina bifida embryos were formed. In these embryos the medullary folds and vitelline veins were divided, but the notoehord, which is the normal size appears only on one side of the opening.
2. When the region immediately in front of the primitive streak was injured a negative result was obtained. The development was greatly disturbed and in no case did the normal embryo form. A hair inserted further forward, nearer the anterior edge of the area pellucida appears later in the medullary folds making the head region abnormal.
3. The region of greatest growth of the embryo lies in the area immediately in fl'ont of and in the anterior end of the primitive streak.
4. As the embryo of the chick elongates the position of the primitive streak is changed by a pushing back, so that the region once occupied by the anterior end of the streak lies between the heart and the first pair of somites.
5. The fact that the notochord is present in those embryos in which the anterior end of the primitive streak was injured does not prove that there is no connection between the two structures. The needle may have failed to kill all the cells at the anterior end of the primitive streak.
6. Experiments seem to prove that a large amount of the materis which forms the embryo comes from the cells lying immediately around the anterior end of the primitive streak, the axial region alone forming by the direct activity of the primitive streak. Fig. I . Spina bifida embryo twenty-fern" hours after the anterior end of the primitive streak, had been killed with a hot needle. The heart (h), and medullary folds (re.f) lie on each side of the opening (o). The primitive streak (p.s) lies posterior to the opening, and is much shorter and broader than at the time that the needle was inserted. Fig. 2 . Embryo thirty hours after inserting a sable hair ia the anterior end of the primitive streak. The opening made by the hair lies between the somites, immediately behind the heart region. The notoehord is visible lying anterior to the opening, and also extending around one side of it. Fig. 3 . Ventral view thirty-five hours after a sable hair had been placed in the anterior cud of the primitive streak. The medullary folds (re.f) and heart (h) are present, but no structures are visible back of the injury. Fig. 4 . Embryo twenty-four hours after the insertion of a wedge in the region anterior to the primitive streak, showing the disturbance in the development of the medullary folds (re.f). Fig. 5 . Surface view of embryo forty-eight hours after the hairs were placed on each side of the primitive streak at a point equally distant from the anterior and posterior ends. The openings (o) made by the hairs lie between the heart and the first pair of somites. Fig. 6 . Embryo forty-eight hours after wedges had been placed on each side of the primitive streak near its posterior end. There is an elongation of the embryo back of the openings (o) made by the wedges. Fig. 7 . Surface view of embryo twenty-four hours after the primitive streak was separated from the region in front of it by a transverse cut. The heart and vascular area (v) are abnormal, the notochord is present, but the anterior head region is not fully developed. Fig. 8 . Embryo forty-eight hours after placing a wedge transversely ia the posterior end of the primitive streak. The embryo is comparatively norreal. The space (o) on each side of the tail fold represents the opening made by the wedge. Fig. 9 . Embryo in which wedges were placed on each side of the primitive streak, incubated twenty-four hours. The opening on one side has become larger than the other. The notochord is visible, but the medullary folds are found only in the anterior region, and no somites are visible. The primitive streak is represented by an accumulation of cells at the posterior end of the embryo. The neural tube has disappeared, and also the collection of mesenchyme cells on each side.
Explanation of Plate IX,

